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(54) IMAGING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an imaging device capable of obtaining a 
large magneto- optical effect over a wide wavelength range and sharply 
improving image contrast 

SOLUTION: Since the imaging device is provided with a transparent magnetic 
layer 4 of which the film thickness is continuously increased/decreased and a 
pair of dielectric multi-layer films 3, 5 alternately laminating many dielectric films 
8a, 8b of two kinds having respectively different refractive indexes and 
oppositely arranged through the layer 4, the magneto-electric effect is basically 
increased by the structure holding the layer 4 between the films 3, 5. Since the 
film thickness of the layer 4 for regulating wavelength capable of displaying the 
increment effect of the magneto-electric effect is continuously 
increased/decreased, an applied wavelength range can be extended. 
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CLAIMS 



[Cfaim(s)] 

[Claim 1] A imaging device equipped with the dielectric multilayers of the pair to which the laminating of a mstiorrty of 
two kinds of dielectric films with which a refractive index differs from the transparence ma^etic layer which made 
thickness fluctuate continuously is carried out by turns and which pinches said Its transparence magnetic layer. 
[Claim 2] A imaging device equipped with the structure which carried out two or more layer laminating of the structure 
which a msuority of two kinds of dielectric films with which a refractive index differs from the transparence magnetic 
layer which made thickness fluctuate continuously become from the dielectric multilayers of the pair said whose 
transparence magnetic layer a laminating is carried out by turns and pinched. 

[Claim 3] An Ingredient, the number of laminatings, and thickness are completely the same, and the dielectric 
multilayers of a pair are symmetrical imaging devices according to claim 1 or 2 to a transparence magnetic layer. 
[Claim 4] A transparence magnetic layer is a imaging device according to claim 1, 2, or 3 whose average thickness is 
100-400nm. 

[Claim 5] The imaging device according to claim 1 , 2, 3, or 4 which equips the external surface of the dielectric 
multilayers of the outermost layer with the polarizer of the pair which makes it come to rotate a mutual polarization 
shaft 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a device for forming an image, and relates to the imaging device which can also 

apply a display etc. by the visualization. 

[0002] 

[Description of the Prior Art] Conventionally, the magnetic substance in which the magneto-optical effect (the Faraday 
effect or magnetooptic Kerr effect) is shown is used for a magneto-optic disk, and informational writing and playback of 
it are enabled. In addition, the application to the image device for writing in an image using the magnetic head to this 
transparence magnetic substance using the transparence magnetic substance in which the magneto-optical effect is 
shown, and forming an image etc. is considered. Moreover, the application to the display which indicates the image by 
visualization by the existence of Faraday rotation by making light irradiate is also considered. 
[0003] It is related with the magneto-optical effect of the discontinuity magnetism medium by which the magnetic 
substance and an opening have the periodic structure arranged in single dimension by turns here, and a multilayered 
film with the disordered laminated structure. The analysis about the point that the magneto-optical effect increases as 
compared with a mere continuation medium, and its result ** Yamamoto, Inoue, Fqjii : Institute of Electronics, 

Information and Communication Engineers Shingaku Giho MR 94-87, ''theoretical analysis of the magneto-optics 
Faraday effect of a discontinuity magnetism medium'' of CPM94-1 12(1995-02) p15-22, ** Yamamoto, Inoue, 

Fujiiilnstitute of Electrical Engineers of Japan magnetic study group data Vol.MAG-95-1 32, "magneto-optical effect of 
a discontinuity magnetism medium with semi- random single dimension array structure" of No.1 31-141p9-18 (1995), ** 
Inoue, FLuii : it is reported by reference, such as "huge enhancement of the magneto-optics Faraday effect by optical 
localization of a multilayered film with the disordered laminated structure" etc. of the Magnetics Society of Japan 
21.187-192 (1997). 

[0004] Moreover, the proposal about the magneto-optics component it was made to increase the magneto-optical 
effect on both sides of the transparence magnetic substance by the dielectric multilayers of a pair is also made by 
these people. 
[0005] 

[Problem(s) to be Solved by the Invention] However, although it is not specific wavelength and increase of the 
magneto-optical effect of the light at large is meant in the above-mentioned proposed example which increases the 
magneto-optical effect on both sides of the transparence magnetic substance by the dielectric multilayers of a pair, 
the enhancement effect stops at about at most 2 times. 

[0006] Moreover, in order to increase the magneto-optical effect of specific wavelength as shown in the reference of 
the above-mentioned ** - ** etc., it is possible to choose by controlling strictly the thickness of a transparence 
magnetic film and the thickness of dielectric multilayers each class. However, the wavelength range which increases 
inevitably as a result is sharp, and narrow. Therefore, although it can say that it is effective in the case of the laser 
beam of single wavelength, it is unsuitable for the purpose expected to apply to the light of the larger wavelength range 
like [ in the case of, for example, obtaining the big image of contrast ]. 

[0007] Then, this invention can be crossed to the large wavelength range, can acquire the bigger magneto-optical 

effect, and aims at offering the imaging device which may raise image contrast sharply. 

[0008] 

[Means for Solving the Problem] Invention according to claim 1 is equipped with the dielectric multilayers of the pair to 
which the laminating of a majority of two kinds of dielectric films with which a refractive index differs from the 
transparence magnetic layer which made thickness fluctuate continuously is carried out by turns and which pinches 
said its transparence magnetic layer. Therefore, although the magneto-optical effect may be increased according to the 
structure whose transparence magnetic layer is fundamentally pinched by the dielectric multilayers of a pair, since the 
thickness of the transparence magnetic layer which specifies the wavelength on which enhancement effect is 
demonstrated is fluctuating continuously /the application wavelength range can be extended. 

[0009] Invention according to claim 2 is equipped with the structure which carried out two or more layer laminating of 
the structure which a m^ority of two kinds of dielectric films with which a refractive index differs from the 
transparence magnetic layer which made thickness fluctuate continuously become from the dielectric multilayers of the 
pair said whose transparence magnetic layer a laminating is carried out by turns and pinched. Therefore, although the 
application wavelength range can be fundamentally extended like the case of invention according to claim 1. since it 
comes to carry out two or more layer laminating of the still more nearly same structure, the magneto-optical effect 
can be increased further and image contrast can also raise it sharply. 

[0010] The dielectric multilayers of the pair in a imaging device according to claim 1 or 2 completely have an ingredient, 
the number of laminatings, and the same thickness, and that of invention according to claim 3 are symmetrical to a 
transparence magnetic layer. Therefore, since the dielectric multilayers of a pair consist of the same structure, 
increase of the magneto-optical effect is stabilized and is acquired. 

[001 1] The average thickness of a transparence magnetic layer [ in / in invention according to claim 4 / a imaging 
device according to claim 1, 2, or 3 ] is 100-400nm. Therefore, the light of a wavelength region standard as a imaging 
device for forming an image can be used. 

[0012] In addition to a imaging device according to claim 1, 2, 3, or 4, invention according to claim 5 equips the external 
surface of the dielectric .Tiultilayers of tho outermost layer with tho polarizer of the pair which makes it come to rotate 
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a mutita! polanz^tion shaft Therefore, the image formed in the imaging device can be visualized in the high condition of 

contrast and it can apply to a display etc. 

[00133 

[Embodiment of the Inven^on] The gestalt of 1 operation of this invention is explained based on a drawing. On the 
transparence substrate 2, the imaging device 1 of ^e gestait of this operation carries out the laminating of the 
dielectric multlayers 3. the transparence magnetic layer 4. and the dielectric multilayers 5 one by one, and is formed as 
sandwich structure which sandwiched these laminating structures with the polarizers 6 and 7 of a pair. 
[0014] Fundamentally, although set up by Iambda/2 to the wavelength lambda which a faraday's rotation angle wants to 
increase, the thickness of the transparence magnetic layer 4 is formed here from this wavelength lambda with the 
gestalt of this operation, so that a big faraday's rotation angle may be acquired and the thickness of this transparence 
magnetic layer 4 may carry out increase and decrease of change continuously, even if it is long wave length and short 
merit for a while, the wavelength lambda on which the range to change wants to increase [ a faraday's rotation angle ] 
— receiving — lambda/ — it is good lambda / less than **20?o of preferably **30%. For example, what is necessary is 
just to produce so that the thickness of the transparence magnetic layer 4 may serve as nm (250**25) if it is the case 
where the faraday's rotation angle of lambda= 500nm wavelength li^t wants to increase. If the transparence magnetic 
layer 4 is the case of the thin film by PVD, the continuous inclination (increase and decrease of change) of such 
thickness is easily realizable with the technique of making a baffle intervene between the inclination of the 
transparence substrate 2, and the transparence substrate 2 and the source of a steam etc. As long as change of the 
thickness of the transparence magnetic layer 4 is continuous, it may be good, and it may be a pattern which not 
necessarily repeats not only monotone increase and decrease but increase and decrease. 

[0015] Since the average thickness of the transparence magnetic layer 4 is set up here as mentioned above by one half 
of the light wavelength lambda, a faraday's rotation angle produces the case of being inadequate, in absolute magnitude. 
In such a case, the structure to which two or more layer laminating of the structure which consists of 4/dielectric 
multilayers 5 of 3/transparence magnetic layers of dielectric multilayers on the transparence substrate 2 was carried 
out as the completely same structure, then sufficient faraday's rotation angle are acquired. If the structure which 
consists of 4/dielectric multilayers 5 of 3/transparence magnetic layers of dielectric multilayers is repeated twice, a 
twice [ about ] as many faraday's rotation angle as this will be acquired (if a laminating is carried out). 
[0016] Although it is good at the transparence magnetic material in which the magneto-optical effect generally 
conventionally used as an ingredient of such a transparence magnetic layer 4 is shown, the so-called large magnetic 
material of a performance index with the large Faraday effect and large transparency is desirable. For example, the 
ultrafine particle film of ferromagnetic metals, such as Fe, Co, nickel, etc. which have the particle diameter of 50nm or 
less, can be used Oxygen, carbon, etc. are contained in the film presentation of those other than the ultra-fine particle 
in this case. Although ferromagnetic metals, such as Fe, Co, and nickel, show the big magneto-optical effect, since the 
absorption of light was also large, it was not used in a thin film as it is, but when it is the ultrafine particle film, it has a 
big performance index. Moreover, suitable coercive force can be acquired by control of particle diameter, others — 
oxides, such as a rare earth iron garnet, and a cobalt ferrite, Ba ferrite, FeB03, FeF3, YFe03, and NdFe03 etc. — 
ultrafine particles, such as a big ingredient of form birefringence, MnBi, MnCuBi, and PtCo, are also available. Since the 
biggest effectiveness is acquired when the travelling direction of light and the direction of spin are parallel, as for these 
transparence magnetic materials, it is [ the magneto-optical effect ] desirable to form in the direction perpendicular to 
a film surface as film which has a magnetic anisotropy. PVD, such as the general sputtering method, a vacuum 
deposition method, and MBE, a CVD method, plating, etc. can be used for production of such a transparence magnetic 
layer 4. 

[0017] Anyway, there is a wavelength dependency of an ingredient proper in the Faraday effect of these magnetic 
materials. So, when using a magnetic material which was mentioned above, in consideration of the wavelength 
dependency, the thickness (average thickness) of the transparence magnetic layer 4 must be determined. Drawing 3 
shows the wavelength dependency of the faraday's rotation angle in the case of a rare earth iron garnet as an example. 
And the peak of the faraday's rotation angle near 450nm understands that the contribution to image concentration is 
few from measurement of spectral transmittance for absorption. Therefore, as for the wavelength which increases a 
faraday's rotation angle by the dielectric multilayers 3 and 5 in the gestalt of this operation, being referred to as about 
520nm is desirable. 

[0018] what was formed completely identically [ the ingredient, the number of laminatings, thickness, etc. ] by the 
dielectric multilayers 3and5 — it is — each and a refractive index — — it comes to carry out the laminating 

of many dielectric films 8a and 8b whose number is two as one pair Although especially the number of pairs does not 
have a limit, it is desirable on the engine performance and cost to consider as 3 - 20 pair extent Moreover, since the 
dielectric film 8a same as a membranous class at the dielectric multilayers 3 and 5 or 8b which touches the 
transparence magnetic layer 4 directly is used, as shown in drawing 2 , built-up sequence becomes reverse. That is, the 
dielectric multilayers 3 and 5 are made into symmetry structure to the transparence magnetic layer 4. Although Ta205 
grade can be used for the ingredient of dielectric films 8a and 8b as Si02 and dielectric film 8b as dielectric film 8a, 
various ingredients as shown in Table 1 including these can be used for it here. You may choose suitably from these 
ingredients, or it does not matter even if it is ingredients other than this, for example, the organic substance. Each 
thickness of dielectric films 8a and 8b has desirable about 50-200nm. If it is the case where it aims at increase of the 
magneto-optical effect of the specific wavelength lambda, the thickness of dielectric films 8a and 8b may be lambda/4n 
(refractive index of a dielectric [ in / in n / wavelength lambda ]). 
[0019] 
[Table 1] 
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[0020] As a transparence substrate 2, quartz glass, sapphire, crystallization clear glass, Pyrex glass, aluminum 203. 
MgO, BeO and Zr02, Y203, Th02 and CaO, Inorganic transparent materials, such as GGG (gadolinium gallium garnet), 
MMA, PMMA, a polycarbonate, polypropylene, acrylic resin, Styrene resin, ABS plastics, polyarylate, Fori Sail John, a 
polyether ape phon. Transparence plastic film, such as an epoxy resin, Pori-4-methyl pentene-1, fluorination polyimide, 
a fluororesin, phenoxy resin, polyolefine system resin, and Nylon, is used. Since there are advantages, such as light 
bending, a light cone, etc., when transparence plastic film Is used, it is easy to use. 

[0021] Polarizers 6 and 7 are used in the becoming configuration for visualizing as an image the big faraday's rotation 
angle acquired by the part by which the transparence magnetic layer 4 was magnetized 3/transparence substrate 2 of 
4/dielectric multilayers of 5/transparence magnetic layers of dielectric multilayers. Namely, since the plane of 
polarization of light does not rotate by the part which is not magnetized to a big faraday's rotation angle being acquired 
corresponding to the part where the transparence magnetic layer 4 was magnetized If the polarization shaft (absorption 
or transparency shaft) of the polarizers 6 and 7 of a pair is rotated so that contrast may become the largest by the 
plane-of-polarization rotation part and the nonrotation part By the plane-of-polarization rotation part in a nonrotation 
part, it is white because of the transmitted light, and since both the polarizers 6 and 7 cannot be passed, it will look 
black, and an image is visualized. 

[0022] As such polarizers 6 and 7, the polarization film of various kinds of marketing, the high permeability polarizer 
which used the beam splitter can be used. When a polarization film is divided roughly, it has a multi-halogen polarization 
film, a color polarization film, a metal polarization film, etc. Although it has a property [ flat / field / at large / light ] 
since the multi-halogen polarization film uses iodine for the dichroic matter, on the other hand, humidity, an elevated 
temperature, etc. have the fault of being weak. Although a color polarization film is inferior to iodine in polarizabiiity, it 
has the features that resistance is large, to heat, light and humidity. Anyway, since a flaw tends to be attached, as for 
the front face (exposure) of polarizers 6 and 7, it is desirable to prepare a protective coat in fact. 
[0023] Moreover, as polarizers 6 and 7, various kinds of polarizers which are illustrated below can also be used. For 
example, as shown in JP,1-93702,A, by arranging the polarization layer containing many cylindrical components which 
consist of a ferromagnetic particle in the fixed direction on a substrate front face, and carrying out fixing formation, 
manufacture is easy and there is a polarizing plate excellent in the optical property. Moreover, Tokyo University of 
Agriculture and Technology Professor Katsuaki Sato work "physical 1 -light [ of a man of today ] and MAG" (1988 
publication) p103 There is a wire grid polarizer indicated From 2.5 micrometers, this is a polarizer to the light of long 
wavelength, and draws the line of gold or aluminum at minute spacing to transparence substrates (a silver bromide, 
polyethylene, etc.). If spacing of a line is set to d and wavelength is set to lambda, it will use that the transmitted light 
turns into the nearly perfect linearly polarized light with a plane of vibration perpendicular to a line to the wavelength 
light which becomes lambda»d. That to which what drew the gold streak at inten/als of d= 0.3 micrometers to the 
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silver-bromide subs^ate drew the atuminium wire by d= 0.7 micrometers to the potyethylene plate as an object (16-100 
micrometers) for far-infrared rays as an object (2.5-25 micrometers) for inside cnlrared rays is used. Moreover, there is 
a Poral core (trade name) by Coming, Inc. By making an one direction arrange the metal silver made to extend for a 
long time in [ glass's ] an own one» this is glass which gave the polarization property and, unlike the conventional 
organic substance polarizing element, is very excellent in thermal resistance, moisture resistance, resistance to 
chemicals, and the resistance over a laser beam. Moreover, there are some which are called a micro wire array, the 
front face of aluminum was made to anodize for infrared radiation, and used as the alumina, made the detailed hole, put 
metals, such as nickel and Cu. into inside, and were used as the polarizer. Furthermore, ihere are some which are 
called a laminating mold polarizer. This carries out the laminating of germanium with a tJiickness of 60-80A and Si02 of 
1 -micrometer thickness by turns by the RF sputtering method to the lights, and the whole thickness is produced as 60 
micrometers. The extinction ratio measured on about 400 and the waveleng^ of 0.8 micrometers is 35dB. an insertion 
loss is 0.1 BdB, and performance-index alpha TE/alpha TM (ratio of an extinction constant to a TE wave and a TM 
v^rave) measured on the wavelength of 0.6 micrometers is enough to the light. 
[0024] 

[Example] Hereafter, the concrete example of a configuration based on the example of a configuration mentioned above 
is explained with the examples 1-5 of a comparison as examples 1 and 2. 

[0025] the quartz substrate (transparence substrate 2) top of 1> 0.5mm thickness of < examples — the ion plating 
method — using — Si02 (dielectric film 8a [ of a low refractive index ], refractive index n= 1,47) — 88.4nm and Ta 205 
(dielectric film 8b [ of a high refractive index ]. refractive index n2.15) — 60.5nm — it considered as thickness, and by 
turns, a total of 12-layer laminating was carried out, and it formed six layers of dielectric multilayers 3 at a time, the 
substrate temperature at this time — 300 degrees C and the oxygen-gas-pressure force — Si02 the oase of the film 
— the case of 2O1.0x10'"4Torr and Ta5 film — 1.1x10^4Torr it was . Membrane formation Leto is Si02. In the case of 
film, in the case of film [ 202 nm/s and Ta5 ], they were 0.5 nm/s. The differences between the place where thickness 
distribution of the dielectric multilayers 3 is the thickest, and a thin place were 3% of all thickness. Subsequently, on 
such dielectric multilayers 3, the sputtering method was used, and Bi permutation rare earth iron garnet film 
(transparence magnetic layer 4) was produced so that average thickness might be set to 520 / 2= 260nm. At this time, 
further, the baffle has been arranged in front of a quartz substrate, and the distance from right above [ evaporation 
source ] was adjusted, and membranes were formed so that thickness might change continuously **14% focusing on 
average thickness in 2mm angle. Substrate temperature was made into 400 degrees C at this time. Then, the film on 
this substrate was heated at 650 degrees C among air for 3 hours. The membranous presentation was 
Bi2.2Dy0.8Fe3.8aluminum 1.2012. It was 19nm when asked for the flill width at half maximum from the wavelength 
dependency of the faraday's rotation angle measured with the magneto-optical-effect measuring device (K250 by 
Jasco Corp., beam diameter angle of 2mm). On the wavelength of 520nm, the peak value of an angle of rotation was 2.2 
degrees. The coercive force which impressed the field at right angles to a film surface, and measured it by VSM was 
600Oe(s). Subsequently, it is Si02 completely like the case of the dielectric multilayers 3 which used the ion plating 
method on such Bi permutation rare earth iron garnet film, and were mentioned above. The dielectric multilayers 5 of 
the film and 20Ta5 film were produced. The film which is directly in contact with Bi permutation rare earth iron garnet 
film is 20Ta5 film, and the maximum surface side is Si02. It is the film. On the wavelength of 520nm, it becomes the 
13.0-degree angle of rotation which becomes about 6 times to the above-mentioned 2.2 degrees from the wavelength 
dependency of a faraday*s rotation angle. 

[0026] Using such a process, on the quartz substrate, the structure which becomes 4/dieIectric multilayers 5 of 
3/transparence magnetic layers of dielectric multilayers was repeated twice, and it formed at multilayer structure. A 
25.3-degree faraday's rotation angle is acquired on the wavelength of 520nm. Moreover, the angle-of-rotation full width 
at half maximum centering on the wavelength of 520nm was 78nm. It inserted with the film polarizer (polarizers 6 and 7) 
of the pair which is having the outermost layer of the above laminating structure marketed, and the alphabetic . 
character was written with the magnetic pen to which the permanent magnet (surface-inductive-flux 3k gauss) was 
attached from on the film polarizer. Then, when the film polarizer of a pair is rotated slowly, the alphabetic character 
drawn with the magnetic pen is displayed (visualization). The contrast of the image part at this time was those with 4.4, 
and a legible display image. 

[0027] Except the point which formed this transparence magnetic layer 4 so that thickness might become uniform by 
130nm, without giving change to the thickness of the <example 1 of comparison> Bi permutation rare earth iron garnet 
film (transparence magnetic layer 4) The place which produced the imaging device like the case of an example 1 
altogether (the differences in the place where thickness distribution of the transparence magnetic layer 4 is the 
thickest, and a thin place were 4% of all thickness). On the wavelength of 520nm, it becomes a 25,7-degree faraday's 
rotation angle, and the angle-of-rotation full width at half maximum is as narrow as 23nm. Moreover, it inserts with the 
film polarizer of a pair and the contrast of the alphabetic character displayed when an alphabetic character was 
similarly drawn with a magnetic pen stops at 2.9. Therefore, it turns out that it is effective to carry out increase and 
decrease of the thickness of the transparence magnetic layer 4 of change continuously like an example 1 . 
[0028] The dielectric multilayers 5 which the dielectric multilayers 3 formed on the <example 2 of comparison> quartz 
substrate make ten layers, and are formed on Bi permutation rare earth iron garnet film (transparence magnetic layer 
4) as 1 5 layers When a imaging device is produced completely like the case of an example 1 except changing the layer 
structure of the dielectric multilayers 3 and 5, on the wavelength of 520nm, it becomes a 18.1 -degree faraday's rotation 
angle, and the angle-of-rotation full width at half maximum becomes 48nm and strartness. Moreover, it inserts with the 
film polarizer of a pair and the contrast of the alphabetic character displayed when an alphabetic character was 
similarly drawn with a magnetic pen stops at 1.7. Therefore, the dielectric multilayers 3 and 5 are understood that 
completely forming identically is effective like an example 1. 

[0029] Except the point which produced the <example 3 of comparison> Bi permutation rare earth iron garnet film 
(transparence magnetic layer 4) so that average thickness might be set to 500nm, when a imaging device is produced 
completely like the case of an example 1, on the wavelength of 520nm, it becomes a 14.9-degree faraday's rotation 
angle, and the angle-of-rotation full width at half maximum becomes narrow with 30nm. Moreover, it inserts with the 
film polarizer of a pair and the contrast of the alphabetic character displayed when an alphabetic character was 
similarly drawn with a magnetic pen stops at 2.0. Therefore, it turns out that it is effective to form the thickness of the 
transparence magnetic layer 4 in about 400nm or less like an example 1. 

[0030] It is Si02 completely like the case of an example 1 on the quartz substrate (transparence substrate 2) of 2> 
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0.5mm -Sickness of < examples. The dieiectnc multilayers 3 by the film (dieiectric film 8a of a low refractive index) and 
Ta 205 (dieiectnc f^Im 8b of a high refractive index) were formed Subsequenty, on the dielectric multilayers 3, the 
vacuum deposition method was used» and the iron ultra^ne particle film (transparence magn8"Uc layer 4) was produced 
so that average thickness might be set to 200nm. At ^^is time, the metal mesh of 1mm spacing was arranged in front of 
the quartz substrate, and spacing of a mesh and a substrate was acjjusted and membranes were formed so that 
Sickness might change continuously **16% focusing on average thickness in 3mm angle. Substrate temperature was 
made into ordinary temperature at ^is time, a membranous presentation — iron 39.1atmic% and oxygen 36.6atmic% and 
carbon 24.0atmic% it was . The wavelength dependency of this faraday s rotation angle when measuring wi^ a 
magneto-opticat-effect measuring device is shown in drawing 4 , On the wavelength of 550nm, it was a 1 .6-degree 
faraday s rotation angle. Spectra! transmittance with a wavelength of 550nm was 39.0%. Moreover, the coercive force 
which impressed ^e field at right angles to a film surface, and measured it by VSM was 320Oe(s). Subsequently, it is 
S!02 completely (ike the case of the dielec^ic multilayers 3 which used the ion plating method on such iron ul'b'afine 
particle film, and were mentioned above. The dielectric multilayers 5 of the film and 20Ta5 film were produced. On the 
wavelength of 550nm, it becomes a 1 5,7-degree angle of rotation from the wavelengUt dependency of a faraday *s 
rotation angle to the above-mentioned 1 .6 degrees. 

[0031] Using such a process, on the quartz substrate, the structure which becomes 4/dieIectric multilayers 5 of 
3/transparence magnetic layers of dielectric multilayers was repeated twice, and it formed at multilayer structure. A 
26.4-degree faraday's rotation angle is acquired on the wavelength of 550nm. Moreover, the angle-of-rotation full width 
at half maximum centering on the wavelength of 550nm was 58nm. It inserted with the film polarizer of the pair which is 
having the outermost layer of the above laminating structure marketed, and the alphabetic character was written with 
the magnetic pen to which the permanent magnet was attached from on the film polarizer. Then, when the film polarizer 
of a pair is rotated slowly, the alphabetic character drawn with the magnetic pen is displayed The contrast of the 
image part at this time was those with 3.3, and a legible display image. 

[0032] When a imaging device is produced like the case of an example 2 except [ all ] the point which formed this iron 
ultrafine particle film so that thickness might become uniform by 200nm, without giving change to the thickness of the 
<example 4 of comparison> iron ultrafine particle film (transparence magnetic layer 4), on the wavelength of 550nm, it 
becomes a 16.0-degree faraday's rotation angle, and the angle-of-rotation full width at half maximum is as narrow as 
28nm. Moreover, it inserts with the film polarizer of a pair and the contrast of the alphabetic character displayed when 
an alphabetic character was similarly drawn with a magnetic pen stops at 1.7. Therefore, it turns out that it is effective 
to carry out increase and decrease of the thickness of the iron ultrafine particle film (transparence magnetic layer 4) of 
change continuously like an example 2. 

[0033] When a imaging device is produced completely like the case of an example 2 except the point which did not 
repeat the laminating of the structure of the 4/dielectric multilayers 5 of 3/transparence magnetic layers of dielectric 
multilayers formed on the <example 5 of comparison> quartz substrate, but was made only into 1 time, on the 
wavelength of 550nm, It becomes a 7.1 -degree faraday's rotation angle, and the angle-of-rotation full width at half 
maximum is set a little to 45nm to slight straitness. Moreover, the contrast of the alphabetic character displayed when 
it inserted with the film polarizer of a pair and an alphabetic character was similarly drawn with a magnetic pen was 1.7. 
Therefore, if two or more layer loop of the structure of the 4/dieIectric multilayers 5 of 3/transparence magnetic layers 
of dielectric multilayers is carried out and it is formed like an example 2, it turns out that it Is much more effective. 
[0034] 

[Effect of the Invention] By having the dielectric multilayers of the pair to which the laminating of a m^ority of two 
kinds of dielectric films with which a refractive index differs from the transparence magnetic layer which made 
thickness fluctuate continuously is carried out by turns and which pinches said its transparence magnetic layer 
according to invention according to claim 1 Since the thickness of the transparence magnetic layer which specifies the 
wavelength on which the magneto-optical effect may be fundamentally increased upwards according to the structure 
whose transparence magnetic layer is pinched by the dielectric multilayers of a pair, and enhancement effect is 
demonstrated is fluctuating continuously, the application wavelength range can be extended 

[0035] The transparence magnetic layer which made thickness fluctuate continuously according to invention according 
to claim 2. By having the structure which carried out two or more layer laminating of the structure which a majority of 
two kinds of dielectric films with which refractive indexes differ become from the dielectric multilayers of the pair said 
whose transparence magnetic layer a laminating is carried out by turns and pinched Since the application wavelength 
range can be fundamentally extended upwards like the case of invention according to claim 1 and it comes to carry out 
two or more layer laminating of the same structure, the magneto-optical effect can be increased further and the image 
contrast at the time of applying to a display etc. can also be raised sharply. 

[0036] According to invention according to claim 3, the dielectric multilayers of the pair in a imaging device according 
to claim 1 or 2 completely have an ingredient, the number of laminatings, and the same thickness, and by supposing 
that it is symmetrical to a transparence magnetic layer, since the dielectric multilayers of a pair consist of the same 
structure, it is stabilized and they can obtain the enhancement effect of the magneto-optical effect. 
[0037] According to invention according to claim 4^ since average thickness of the transparence magnetic layer in a 
imaging device according to claim 1. 2, or 3 was set to 100-400nm, the light of a light wavelength region standard as a 
imaging device for forming an image can be used. 

[0038] According to invention according to claim 5, since it has the polarizer of the pair which makes the external 
surface of the dielectric multilayers of the outermost layer come to rotate a mutual polarization shaft in addition to a 
imaging device according to claim 1. 2, 3, or 4, the image formed in the imaging device can be visualized in the high 
condition of contrast, and can be suitably applied to a display etc. 
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TECHNICAL HELD 



[Field of the Invention] This invention is a device for forming an image, and relates to the ima^ng device which can also 
apply a display etc. by the visualization. 
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PRIOR ART 



[Description of the Prior Art] From the former, it is the magneto-optical effect. 
[Translation done.] 
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EFFECT OF THE INVENTION 



The magnetic substance in which (the Faraday effect or a magnetooptic Kerr effect) is shown is used for a 
magneto-optic disk, and informational writing and playback of it are enabled. In addition, ^e application to the image 
device for writing in an image using the magnetic head to this transparence magnetic substance using the transparence 
magnetic substance in which the magneto-optical effect is shown, and forming an image etc. is considered. Moreover, 
the application to the display which indicates the image by visualization by the existence of Faraday rotation by making 
light irradiate is also considered. 

[0003] It is related with the magneto-optical effect of the discontinuity magnetism medium by which the magnetic 
substance and an opening have the periodic structure arranged in single dimension by turns here, and a multilayered 
film with the disordered laminated structure, The analysis about the point that the magneto-optical effect increases as 
compared with a mere continuation medium, and its result are ** Yamamoto, Inoue, and the Fiijli:Instltute of 

Electronics, Information and Communication Engineers. Shingaku Giho MR 94-87, "the theoretical analysis of the 
magneto-optics Faraday effect of a discontinuity magnetism medium" of CPM94-1 12(1995-02) pi 5-22. ** 
Yamamoto, Inoue, Fujii.Institute of Electrical Engineers of Japan magnetic study group data Vol.MAG-95-132, and 
No.131-141p9-18 (1995) 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, al-^ough it is not specific wavelength and increase of the 
magneto-optical effect of the li^t at large is meant in the above-mentioned proposed example which increases the 
magneto-optical effect on both sides of the transparence magnetic substance by the dielectric multilayers of a pair, 
the enhancement effect stops at about at most 2 times. 

[0006] Moreover, in order to increase the magneto-optical effect of specific wavelength as shown in the reference of 
the above-mentioned ** - ** etc., it is possible to choose by controlling strictly the thickness of a transparence 
magnetic film and the thickness of dielectric multilayers each class. However, the wavelength range which increases 
inevitably as a result is sharp, and narrow. Therefore, although it can say that it is effective in the case of the laser 
beam of single wavelength, it is unsuitable for the purpose expected to apply to the light of the larger wavelength range 
like [ in the case of, for example, obtaining the big image of contrast ]. 

[0007] Then, this invention can be crossed to the large wavelength range, can acquire the bigger magneto-optical 
effect, and aims at offering the imaging device which may raise image contrast sharply. 
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MEANS 



[Means for Solving the Problem] Invention according to claim 1 Is equipped with the dielec^ic multilayers of the pair to 
which the laminating of a m^ority of two kinds of dielec^ic films with which a refractive index differs from the 
transparence magnetic layer which made thickness fluctuate continuously is carried out by turns and which pinches 
said its transparence magnetic layer. Therefore, although the magneto-optical effect may be increased according to the 
structure whose transparence magnetic layer is fundamentally pinched by the dielectric multilayers of a pair, since the 
thickness of the transparence magnetic layer which specifies the wavelength on which enhancement effect is 
demonstrated is fluctuating continuously, the application wavelength range can be extended, 

[0009] Invention according to claim 2 is equipped with the structure which carried out two or more layer laminating of 
the structure which a m^ority of two kinds of dielectric films with which a refractive index differs from the 
transparence magnetic layer which made thickness fluctuate continuously become from the dielectric multilayers of the 
pair said whose transparence magnetic layer a laminating is carried out by turns and pinched. Therefore, although the 
application wavelength range can be fundamentally extended like the case of invention according to claim 1, since it 
comes to carry out two or more layer laminating of the still more nearly same structure, the magneto-optical effect 
can be increased further and image contrast can also raise it sharply. 

[0010] The dielectric multilayers of the pair in a imaging device according to claim 1 or 2 completely have an ingredient, 
the number of laminatings, and the same thickness, and that of invention according to claim 3 are symmetrical to a 
transparence magnetic layer. Therefore, since the dielectric multilayers of a pair consist of the same structure, 
increase of the magneto-optical effect is stabilized and is acquired. 

[001 1] The average thickness of a transparence magnetic layer [ in / in invention according to claim 4 / a imaging 
device according to claim 1, 2, or 3 ] is 100-400nm. Therefore, the light of a wavelength region standard as a imaging 
device for forming an image can be used. 

[001 2] In addition to a imaging device according to claim 1 , 2, 3, or 4, invention according to claim 5 equips the external 
surface of the dielectric multilayers of the outermost layer with the polarizer of the pair which makes it come to rotate 
a mutual polarization shaft Therefore, the image formed in the imaging device can be visualized in the high condition of 
contrast, and it can apply to a display etc. 
[0013] 

[Embodiment of the Invention] The gestalt of 1 operation of this invention is explained based on a drawing. On the 
transparence substrate 2, the imaging device 1 of the gestalt of this operation carries out the laminating of the 
dielectric multilayers 3, the transparence magnetic layer 4, and the dielectric mutttlayers 5 one by one, and is formed as 
sandwich structure which sandwiched these laminating structures with the polarizers 6 and 7 of a pair. 
[0014] Fundamentally, although set up by lambda/2 to the wavelength lambda which a faraday*s rotation angle wants to 
increase, the thickness of the transparence magnetic layer 4 is formed here from this wavelength lambda with the 
gestalt of this operation, so that a big faraday's rotation angle may be acquired and the thickness of this transparence 
magnetic layer 4 may carry out increase and decrease of change continuously, even if it is long wave length and short 
merit for a while, the wavelength lambda on which the range to change wants to increase [ a faraday's rotation angle ] 
— receiving — lambda/ — it is good lambda / less than **20% of preferably **30%. For example, what is necessary is 
just to produce so that the thickness of the transparence magnetic layer 4 may serve as nm (250**25) if it is the case 
where the faraday's rotation angle of lambda= 500nm wavelength light wants to increase. If the transparence magnetic 
layer 4 is the case of the thin film by PVD, the continuous inclination (increase and decrease of change) of such 
thickness is easily realizable with the technique of making a baffle intervene between the inclination of the 
transparence substrate 2, and the transparence substrate 2 and the source of a steam etc. As long as change of the 
thickness of the transparence magnetic layer 4 is continuous, it may be good, and it may be a pattern which not 
necessarily repeats not only monotone increase and decrease but increase and decrease. 

[0015] Since the average thickness of the transparence magnetic layer 4 is set up here as mentioned above by one half 
of the light wavelength lambda, a faraday's rotation angle produces the case of being inadequate, in absolute magnitude. 
In such a case, the structure to which two or more layer laminating of the structure which consists of 4/dielectric 
multilayers 5 of 3/transparence magnetic layers of dielectric multilayers on the transparence substrate 2 was carried 
out as the completely same structure, then sufficient faraday's rotation angle are acquired. If the structure which 
consists of 4/dielectric multilayers 5 of 3/transparence magnetic layers of dielectric multilayers is repeated twice, a 
twice [ about ] as many faraday's rotation angle as this will be acquired (if a laminating is carried out). 
[0016] Although it is good at the transparence magnetic material in which the magneto-optical effect generally 
conventionally used as an ingredient of such a transparence magnetic layer 4 is shown, the so-called large magnetic 
material of a performance index with the large Faraday effect and large transparency is desirable. For example, the 
ultrafine particle film of ferromagnetic metals, such as Fe, Co, nickel, etc. which have the particle diameter of 50nm or 
less, can be used. Oxygen, carbon, etc. are contained in the film presentation of those other than the ultra-fine particle 
in this case. Although ferromagnetic metals, such as Fe, Co, and nickel, show the big magneto-optical effect, since the 
absorption of light was also large, it was not used in a thin film as it is, but when it is the uftrafine particle film, it has a 
big performance index. Moreover, suitable coercive force can be acquired by control of particle diameter, others — 
oxides, such as a rare earth iron garnet, and a cobalt ferrite, Ba ferrite, FeB03, FeF3. YFe03, and NdFe03 etc. — 
ultrafine particles, such as a big ingredient of form birefringence. MnBi, MnCuBi. and PtCo, are also available. Since the 
biggest effectiveness is acquired when the travelling direction of light and the direction of spin are parallel, as for these 
transparence magnetic materials, it is [ the magneto-optical olfect ] dosirabia to form in the direction perpendicular to 
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a film surface as film which has a ma^.etx anisotropy. PVD. such as the general sputtenng method, a vacuum 
deposition method, and MBE, a CVD method, plating, etc. can be used for production of such a transparence magnetic 
layer 4. 

[0017] Anyway, there is a waveieng^ dependency of an ingredient proper in the Faraday effect of these ma^etic 
materials. So. when using a magnetic material which was mentioned above, in consideration of the wavelength 
dependency, the thickness (average thickness) of the transparence magnetic layer 4 must be detennined. Drawing 3 
shows the waveleng^ dependency of the faraday*s rotation angle in the case of a rare earth iron garnet as an example. 
And the peak of the feraday's rotation angle near 450nm understands that ^e contribution to image concentration is 
few from measurement of spectral transmittance for absorp^on. Therefore, as for the wavelength which increases a 
faraday's rotation angle by the dielectric multilayers 3 and 5 in the gestalt of this operation, being referred to as about 
520nm is desirable. 

[0018] what was formed completely identically [ ^e ingredient the number of laminatings, thickness, etc. ] by the 
dielectric multilayers 3 and 5 — it is — each and a refracUve index — ^ ^ M of^ M t — it comes to carry out the laminating 
of many dielectric films 8a and 8b whose number is two as one pair Although especially the number of pairs does not 
have a limit, it is desirable on the engine performance and cost to consider as 3 - 20 pair extent. Moreover, since the 
dielectric film 8a same as a membranous class at the dielectric multilayers 3 and 5 or 8b which touches the 
transparence magnetic layer 4 directly is used, as shown in drawing 2 , buiit-up sequence becomes reverse. That is, the 
dielectric multilayers 3 and 5 are made into symmetry structure to the transparence magnetic layer 4. Although Ta205 
grade can be used for the ingredient of dielectric films 8a and 8b as Si02 and dielectric film 8b as dielectric film 8a, 
various ingredients as shown in Table 1 including these can be used for it here. You may choose suitably from these 
ingredients, or it does not matter even if it is ingredients other than this, for example, the organic substance. Each 
thickness of dielectric films 8a and 8b has desirable about 50-200nm. If it is the case where it aims at increase of the 
magneto-optical effect of the specific wavelength lambda, the thickness of dielectric films 8a and 8b may be lambda/4n 
(refractive index of a dielectric [ in / in n / wavelength lambda ]). 
[0019] 

[Table 1] 
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[0020] As a transparence substrate 2, quartz glass, sapphire, crystallization clear glass, Pyrex glass, aluminum 203, 
MgO, BeO and Zr02. Y203, Th02 and CaO, Inorganic transparent materials, such as GGG (gadolinium gallium garnet), 
MMA, PMMA. a polycarbonate, polypropylene, acrylic resin. Styrene resin. ABS plastics, polyarylate, Pori Sail John, a 
polyether ape phon. Transparence plastic film, such as an epoxy resin, Pori-4-methyl pentene-1 . fluorination poiyimide, 
a fluororesin. phenoxy resin, polyolefins system resin, and Nylon, is used. Since there are advantages, such as light 
bending, a light cone, etc., when transparencs plastic film is used, it is easy to use. 
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[0021]*PoIarize*r3 6 and 7 are used rn the becoming configuration for vtsualizing as an image ^e big ^raday s rotation 
angle acquired by the part by which the transparence magnetic layer 4 was magnetized 3/transparence substrate 2 of 
4/dielectnc multilayers of 5/transparence ma©ietlc layers of dielectric multilayers. Namely, since ^e plane of 
polarization of light does not rotate by the part which is not ma^etized to a big faraday's rotation angle being acquired 
corresponding to the part where the transparence magnetic layer 4 was magnetized If the polarization shaft (absorption 
or transparency shaft) of the polarizers 6 and 7 of a pair is rotated so that contrast may become the largest by the 
pIane-of-po!arization rotation part and the nonrotation part By the plane-of-polarization rotation part, in a nonrotation 
part it is white because of '^e transmitted light, and since both the polarizers 6 and 7 cannot be passed. It will look 
black, and an image is visualized. 

[0022] As such polarizers 6 and 7, the polarization film of various kinds of marketing, the high permeability polarizer 
which used the beam splitter can be used. When a polarization film is divided roughly, it has a multi-halogen polarization 
film, a color polarization film, a metal polarization film, etc. Although it has a property [ flat / field / at large / light ] 
since the multi-halogen polarization film uses iodine for the dichroic matter, on the c^er hand, humidity, an elevated 
temperature, etc. have the fault of being weak. Although a color polarization film is inferior to iodine in polarizabilrty, it 
has the features that resistance is large, to heat, light and humidity. Anyway, since a flaw tends to be attached, as for 
the front face (exposure) of polarizers 6 and 7, it is desirable to prepare a protective coat in fact 
[0023] Moreover, as polarizers 6 and 7, various kinds of polarizers which are illustrated below can also be used. For 
example, as shown in JP,1-93702.A, by arranging the polarization layer containing many cylindrical components which 
consist of a ferromagnetic particle in the fixed direction on a substrate front face, and carrying out fixing formation, 
manufacture is easy and there is a polarizing plate excellent in the optical property. Moreover, Tokyo University of 
Agriculture and Technology Professor Katsuaki Sato work "physical 1 -light [ of a man of today ] and MAG" (1 988 
publication) pi 03 There is a wire grid polarizer indicated. From 2.5 micrometers, this is a polarizer to the light of long 
wavelength, and draws the line of gold or aluminum at minute spacing to transparence substrates (a silver bromide, 
polyethylene, etc.). If spacing of a line Is set to d and wavelength is set to lambda, it will use that the transmitted light 
turns into the nearly perfect linearly polarized light with a plane of vibration perpendicular to a line to the wavelength 
light which becomes lambda»d. That to which what drew the gold streak at intervals of d= 0.3 micrometers to the 
silver-bromide substrate drew the aluminium wire by d= 0.7 micrometers to the polyethylene plate as an object (16-100 
micrometers) for far-infrared rays as an object (2.5-25 micrometers) for inside infrared rays is used. Moreover, there is 
a Poral core (trade name) by Corning, Inc. By making an one direction arrange the metal silver made to extend for a 
long time in [ glass's ] an own one, this is glass which gave the polarization property and, unlike the conventional 
organic substance polarizing element is very excellent in thermal resistance, moisture resistance, resistance to 
chemicals, and the resistance over a laser beam. Moreover, there are some which are called a micro wire array, the 
front face of aluminum was made to anodize for infrared radiation, and used as the alumina, made the detailed hole, put 
metals, such as nickel and Cu, into inside, and were used as the polarizer. Furthermore, there are some which are 
called a laminating mold polarizer. This carries out the laminating of germanium with a thickness of 60— 80A and Si02 of 
1 -micrometer thickness by turns by the RF sputtering method to the lights, and the whole thickness is produced as 60 
micrometers. The extinction ratio nrieasured on about 400 and the wavelength of 0.8 micrometers is 35dB, an insertion 
loss is 0.1 8dB, and performance-index alpha TE/alpha TM (ratio of an extinction constant to a TE wave and a TM 
wave) measured on the wavelength of 0.6 micrometers is enough to the light 
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EXAMPLE 



[Example] Hereafter, the concrete example of a configuration based on ^e example of a configuration mentioned above 
is explained with the examples 1-5 of a comparison as examples 1 and 2. 

[0025] the quartz substrate (transparence substrate 2) top of 1> 0.5mm thickness of < examples — the ion plating 
method — using — Si02 (dielectric film 8a [ of a low refractive index ], refractive index n- 1.47) — 88.4nm and Ta 205 
(dielectric film 8b [ of a high refractive index ], refractive index n2.15) — 60.5nm — it considered as thickness, and by 
turns, a total of 12-Iayer laminating was carried out, and rt formed six layers of dielectric multilayers 3 at a time, the 
substrate temperature at this time — 300 degrees C and the oxygen-gas-pressure force — Si02 the case of the film 
— the case of 2O1.0x10"4Torr and Ta5 film — 1.1x10"'4Torr it was . Membrane formation Leto is Si02. In the case of 
film, in the case of film [ 202 nm/s and Ta5 ], they were 0.5 nm/s. The differences between the place where thickness 
distribution of the dielectric multilayers 3 is the thickest and a thin place were 3% of all thickness. Subsequently, on 
such dielectric multilayers 3, the sputtering method was used, and Bi permutation rare earth iron garnet film 
(transparence magnetic layer 4) was produced so that average thickness might be set to 520 / 2= 260nm. At this time, 
further, the baffle has been arranged in front of a quartz substrate, and the distance from right above [ evaporation 
source ] was adjusted, and membranes were formed so that thickness might change continuously te*14% focusing on 
average thickness in 2mm angle. Substrate temperature was made into 400 degrees C at this time. Then, the film on 
this substrate was heated at 650 degrees C among air for 3 hours. The membranous presentation was 
Bi2.2Dy0.8Fe3.8aluminum 1.2012. It was 19nm when asked for the full width at half maximum from the wavelength 
dependency of the faraday's rotation angle measured with the magneto-optical-effect measuring device (K250 by 
Jasco Corp., beam diameter angle of 2mm). On the wavelength of 520nm, the peak value of an angle of rotation was 2.2 
degrees. The coercive force which impressed the field at right angles to a film surface, and measured it by VSM was 
600Oe(s). Subsequently, it is Si02 completely like the case of the dielectric multilayers 3 which used the ion plating 
method on such Bi permutation rare earth iron garnet film, and were mentioned above. The dielectric multilayers 5 of 
the film and 20Ta5 film were produced. The film which is directly in contact with Bi permutation rare earth iron garnet 
film is 20Ta5 film, and the maximum surface side is Si02- It is the film. On the wavelength of 520nm. it becomes the 
13.0-degree angle of rotation which becomes about 6 times to the above-mentioned 2.2 degrees from the wavelength 
dependency of a faraday's rotation angle. 

[0026] Using such a process, on the quartz substrate, the structure which becomes 4/dielectric multilayers 5 of 
3/transparence magnetic layers of dielectric multilayers was repeated twice, and it formed at multilayer structure. A 
25.3-degree faraday's rotation angle is acquired on the wavelength of 520nm. Moreover, the angle-ol^rotation full width 
at half maximum centering on the wavelength of 520nm was 78nm. It inserted with the film polarizer (polarizers 6 and 7) 
of the pair which is having the outermost layer of the above laminating structure marketed, and the alphabetic 
character was written with the magnetic pen to which the permanent magnet (surfaceHnductive-flux 3k gauss) was 
attached from on the film polarizer. Then, when the film polarizer of a pair is rotated slowly, the alphabetic character 
drawn with the magnetic pen is displayed (visualization). The contrast of the image part at this time was those with 4.4, 
and a legible display image. 

[0027] Except the point which formed this transparence magnetic layer 4 so that thickness might become uniform by 
130nm, without giving change to the thickness of the <example 1 of comparison> Bi permutation rare earth iron garnet 
film (transparence magnetic layer 4) The place which produced the imaging device like the case of an example 1 
altogether (the differences in the place where thickness distribution of the transparence magnetic layer 4 is the 
thickest and a thin place were 4% of all thickness), On the wavelength of 520nm, it becomes a 25.7-degree faraday's 
rotation angle, and the angle-of-rotation full width at half maximum is as narrow as 23nm. Moreover, it inserts with the 
film polarizer of a pair and the contrast of the alphabetic character displayed when an alphabetic character was 
similarly drawn with a magnetic pen stops at 2.9. Therefore, it turns out that it is effective to carry out increase and 
decrease of the thickness of the transparence magnetic layer 4 of change continuously like an example 1. 
[0028] The dielectric multilayers 5 which the dielectric multilayers 3 formed on the <example 2 of comparison> quartz 
substrate make ten layers, and are formed on Bi permutation rare earth iron garnet film (transparence magnetic layer 
4) as 15 layers When a imaging device is produced completely like the case of an example 1 except changing the layer 
structure of the dielectric multilayers 3 and 5, on the wavelength of 520nm, it becomes a 18.1 -degree faraday's rotation 
angle, and the angle-of-rotation full width at half maximum becomes 48nm and straitness. Moreover, it inserts with the 
film polarizer of a pair and the contrast of the alphabetic character displayed when an alphabetic character was 
similarly drawn witJi a magnetic pen stops at 1.7. Therefore, the dielectric multilayers 3 and 5 are understood that 
completely forming identically is effective like an example 1. 

[C029] Except the point which produced the <example 3 of comparison> Bi permutation rare earth iron garnet film 
(transparence magnetic layer 4) so that average thickness might be set to SOOnm, when a imaging device is produced 
completely like the case of an example 1, on the wavelength of 520nm, it becomes a 14.9-degree faraday's rotation 
angle, and the angJe-of-rotation full width at half maximum becomes narrow with 30nm. Moreover, it inserts with the 
film polarizer of a pair and the contrast of the alphabetic character displayed when an alphabetic character was 
similarly drawn with a magnetic pen stops at 2.0. Therefore, it turns out that it is effective to form the thickness of the 
transparence magnetic layer 4 in about 400nm or less like an example 1. 

[0030] It is Si02 completely like the case of an example 1 on the quartz substrate (transparence substrate 2) of 2> 
0.5mm Sickness of < examples. The dielectric multilayers 3 by the film (dielectric film 8a of a low refractive index) and 

Ta 205 (dielectric film 8b of a high refractive index) were formed. Subsequently, on the dielec^c multilayers 3, the 
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vacuum deposition method was used, and the iron ultrafine parade film (transparence magnetic layer 4) was producQd 
so that average thickness might be set to 200nm. At ^is time, the metal mesh of 1mm spacing was arranged in front of 
^e quartz substrate, and spacing of a mesh and a substrate was acljusted and membranes were formed so that 
thickness might change con^nuously **16% focusing on average thickness in 3mm angle. Substrate temperature was 
made into ordinary temperature at this time, a membranous presentation — iron 39,1ataic% and oxygen 36.6atmic% and 
carbon 24.0atmic% tt was . The wavelength dependency of this faraday's rotation angle when measuring with a 
magneto-optical-effect measuring device is shown in drawing 4 , On the wavelength of 550nm. it was a 1.6-degree 
faraday's rotation angle. Spectral transmrttance with a wavelength of 550nm was 39.0%. Moreover, the coercive force 
which impressed the field at right angles to a film surface, and measured it by VSM was 320Oe(s). Subsequently, it is 
Si02 completely like the case of the dielectric multilayers 3 which used the ion plating method on such iron ultrafine 
particle film, and were mentioned above. The dielectric multilayers 5 of the film and 20Ta5 film were produced. On the 
wavelength of 55£}nm, it becomes a 1 5.7-degree angle of rotation from the wavelength dependency of a faraday's 
rotation angle to the above-mentioned 1.6 degrees. 

[0031] Using such a process, on the quartz substrate, the structure which becomes 4/dielectric multilayers 5 of 
3/transparence magnetic layers of dielectric multilayers was repeated twice, and it formed at multilayer structure. A 
26.4-degree faraday's rotation angle is acquired on the wavelength of 550nm. Moreover, the angle-of-rotation full width 
at half maximum centering on the wavelength of 550nm was 58nm. It inserted with the film polarizer of the pair which is 
having the outermost layer of the above laminating structure marketed, and the alphabetic character was written with 
the magnetic pen to which the permanent magnet was attached from on the film polarizer. Then, when the film polarizer 
of a pair is rotated slowly, the alphabetic character drawn with the magnetic pen is displayed. The contrast of the 
image part at this time was those with 3.3, and a legible display image. 

[0032] When a imaging device is produced like the case of an example 2 except [ all ] the point which formed this iron 
ultrafine particle film so that thickness might become uniform by 200nm, without giving change to the thickness of the 
<example 4 of comparison> iron ultrafine particle film (transparence magnetic layer 4), on the wavelength of 550nm, it 
becomes a 1 6.0-degree faraday's rotation angle, and the angle-of-rotation full width at half maximum is as narrow as 
28nm. Moreover, it inserts with the film polarizer of a pair and the contrast of the alphabetic character displayed when 
an alphabetic character was similarly drawn with a magnetic pen stops at 1.7. Therefore, It turns out that it is effective 
to carry out increase and decrease of the thickness of the iron ultrafine particle film (transparence magnetic layer 4) of 
change continuously like an example 2, 

[0033] When a imaging device is produced completely like the case of an example 2 except the point which did not 
repeat the laminating of the structure of the 4/dielectric multilayers 5 of 3/transparence magnetic layers of dielectric 
multilayers formed on the <example 5 of comparison> quartz substrate, but was made only into 1 time, on the 
wavelength of 550nm, it becomes a 7.1 -degree faraday's rotation angle, and the angle-of-rotation full width at half 
maximum is set a little to 45nm to slight straitness. Moreover, the contrast of the alphabetic character displayed when 
it inserted with the film polarizer of a pair and an alphabetic character was similarly drawn with a magnetic pen was 1 .7. 
Therefore, if two or more layer loop of the structure of the 4/dielectric multilayers 5 of 3/transparence magnetic layers 
of dielectric multilayers is carried out and it is formed like an example 2, it turns out that it is much more effective. 
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* NOTICES ^ ' 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect "^e ori^nal precisely. 

2. =*=*^ shows the word which can not be translated. 

3. !n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the ^eoretic configuration of ^e imaging device of the gestalt of 1 
opera^on of this invention. 

[Drawing 2] It is the sectional view showing its dielectric multilayers / transparence magnetic layer / dielectric 
multilayers structure. 

[Drawing 3] It is the property Fig. showing the wavelength dependency of the faraday's rotation angle of a rare earth 
iron garnet. 

[Drawing 4] It is the property Fig. showing the wavelength dependency of the faraday's rotation angle of an iron 
ultrafine particle thin film. 
[Description of Notations] 

3 Five Dielectric multilayers 

4 Transparence Magnetic Layer 
6.7 Polarizer 

8a, 8b Dielectric film 
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